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Under the terms of this contract we received periodic.
shipments of helium gas for the research needs of this
department. The gas was liquified here, and a major fraction
of the evaporated gas was recovered for subsequent use.

The staff members whose research required liquid helium

“were Professors Carr, Croft, Glaberson, Kojima, Lindenfeld,

McLean, and Pifer. 1In the subsequent sections we summarize
their recent activities. A list of their publications is
appended at the end.
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Nuclear Magnetic Resonance (Carr)
During the period 1 May 1976 through 30 April 1979 work took
place in two major areas: (1) NMR Studies of Critical Phenomena

and Phase Transitions in 3-Dimensional Liquid-Vapor Systems, and
(2) NMR Studies of the Indirect Electron-coupled Nuclear Spin-Spin
Interaction and Chemical Shifts in the HD Molecule. Near the end
of the above period work was initiated in a third major area,

(3) NMR Studies of Phase Transitions in Rare Gas Submonolayers.

The major accomplishment of the above period was published
in December of 1977 in an article by C. E. Hayes and H. Y. Carr,
"NMR Measurement of the Liquid-Vapor Critical Exponents B and Bl“
[{Phys. Rev. Lett. 39, 1558 (1977)]. Before that time there had
been a long-standing discrepancy between the experimental values
for the critical exponent B which is used to describe the shape
of the liquid-vapor coexistence curve and the lattice-gas (Ising
model) values calculated using series expansion techniques. More
recently the otherwise very successful renormalization group theory
was used to calculate B but again with a result somewhat closer
but nevertheless in clear disagreement with the commonly accepted
experimental value for B.

In 1969 we had introduced a new NMR technique for measuring
very accurately the local density in fluid samples such as xenon
[Stacey, Pass, and Carr, Phys. Rev. Lett. 23, 1424 (1969)). From
that work it was clear that the liquid-vapor coexistence curve
could not be described by a pure power law, as was commonly
assumed. Instead correction terms were needed unless one was
very near the critical point. Secondly, from the same work it
was very clear that one could not get close enough to Tc to
measure the asymptotic exponent B without encountering severe
problems from gravitationally induced density gradients.

In the above 1977 article a new technique--a quenching
technique--was reported which enabled the asymptotic exponent 8
to be measured effectively in the absence of the density gradients.
The result was in close agreement with the existing theoretical
values. Moreover the exponent Bl associated with the first
correction term was also measured and found to be in agreement
with the renormalization group theory predictions. A copy of the
1977 paper is attached.
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During the same period several major accomplishments were
achieved in connection with the HD project. They have been
reported in detail in the Ph.D. thesis of James R. Beckett
(Rutgers, May 1979). They are also being reported in two
articles presently in preparation by J. R. Beckett and H. Y. Carr:
(a) "Measurement of the NMR Shielding Isotope Shift in D, and HD",
and (b) "High-Precision Double-Resonance Studies of the Tempera-
ture, Density, and lsotope Dependence of the Indirect Electron-
Coupled Interaction in HD".

All of the above work was critically dependent on the
operation of high-homogeneity, high-stahility, and high-field
superconducting magnet. The liquid helium for this was provided
for by the grant noted in the title of this report. The magnet
has been operating in the persistent mode continuously for the
past four years.

Mixed Valence Compounds (Croft)

Cerium in elemental and compound form can occur in either
a Ce3+ valence state with a local magnetic moment or in a Ce4+
valence state with no local magnetic moment. We are studying
both the strongly lattice-coupled valence instability and the
magnetic-nonmagnetic instability which occurs in Ce compounds

3+ state toward the Ce4+ p

which are chemically driven from the Ce
state. Specifically we have studied the lattice and transport

and mag:eticzgropgities of3:he Ce,_,R,Al, systems with

R=Th" ', Eu“ , ¥ and Sc”'. The systematic increase of the

spin fluctuation energy scale and decrease of interatomic magnetic
interaction energy scale precursive to the valence instability
have been observed. Since the temperature range of these studies
has been 1.5 K < T < 300 K we have relied heavily on the Rutgers
helium recycling facility. Some of the results of these alloy

studies on CeAl2 are 1) the rate of depression of the magnetic

ordering temperature with concentration X increases on going
from Y to Sc to Eu sbustitution. 2) the substitution increases
the ordering temperature. 3) in the Sc substituted system the
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spin fluctuation energy scale (the energy scale for loss of local
moment magnetism) increases exponentially from 5 K at X=0 to
about 100 K at X = .7.

Superfluid Helium 4 (Glaberson)

We have continued our research on the properties of rotating

superfluid helium. We have completed a series of experiments on

? temperature and potential gradients which are associated with the

: motion of vortex lines. We have made extensive observations of
wave propagation along single vortex lines and of collective waves
in vortex arrays. The effects of surface roughness on the pinning
of vortices to surfaces has been investigated. Using fourth sound
techniques, we have measured the temperature dependence of the
Landau critical velocity.

Superfluid Helium 3 (Kojima)

We have carried out experiments to probe the heat transport
across the interface between liquid/solid 3He and magnetic
materials at ultra low temperatures. Our experiments were de-
signed to test interesting theoretical predictions based on an
unusual magnetic interaction between 3He nuclei and the electrons %
in the magnetic material. Our preliminary results indicate that
such magnetic interaction effects are small and that the physical
size of the magnetic material plays an important role in the heat
transport. We have initiated an investigation of the anisotropic
properties of superfluid 3He using acoustic techniques. We have
developed annular and Helmholtz resonators which can be used to
measure the superfluid density and the viscosity of the liquid
3He below 10 mK. We have investigated the effects of the varia-
tion of temperature and pressure as well as the resonator para-
meters on the resonance frequency and the resonance quality. We
have recently initiated studies on the size effects on superfluid
3He confined in restricted geometry using fourth sound techniques
and have found for the coherence length of superfluid 3He to be

approximately £ ¥ 200 A.




Thermal Measurements of Granular Aluminum (Lindenfeld)

Thermal conductivity measurements in low resistivity material
below the superconducting transition temperature have shown that
the electronic contribution is like that of impurity-dominated
superconductors and is well described by the Bardeen, Rickayzen,
and Tewordt theory. In the normal state it follows the Wiedemann-
Franz law. In high resistivity specimens the electronic contribu-
tion is dominated by the phonon conductivity. A plateau has been
found in the curve of thermal conductivity as a function of
temperature corresponding to dominant phonon wavelength coinciding
with grain diameter. A new and as yet unexplained effect was
discovered in magnetic fields of about 800 G. With the field
perpendicular to the sample, a sharp minimum was found in the
thermal conductivity.

The heat capacity measurements referred to in earlier
reports have now been published. These have stimulated percolation
theory calculations which have been remarkably successful in
accounting for the detailed changes in the dependence of heat
capacity on temperature as one increases the electrical resistivity
of the specimens as well as for the difference between the heat

-capacity and electrical resistivity transition temperatures.

Magnetic Susceptibility of Superconducting Granular Aluminum
(McLean)

Results well below the superconducting transition temperature
give the zero temperature penetration depth. In low resistivity
samples, this is found to vary with resistivity in the way expected
for impure metals. At resistivities near to 8000 u Rcm the pene-
tration depth diverges, owing to the decoupling of the grains which
are too small to be detectable when they are independent of each
other. It is just about this resistivity that the discontinuity
in heat capacity at the superconducting transition temperature
disappears for the same reason. In both cases the thermal fluctu-
ations are expected to be so large even at absolute zero that no

evidence of superconductivity can be detected.




The behavior at the superconducting transition temperature
also gives information about the coupling of the grains. Even
at this temperature the coupling remains appreciable, except in
samples of resistivity close to 8000 u Qcm.

Electrical Resistivity of Granular Aluminum (Lindenfeld & McLean)

In the course of studying the contributions to the conductivity
of the superconducting fluctuations above the transition temperature
we became involved with an area that is currently of great interest--
the localization of electron states in inhomogeneous metals. A
number of the results have been published or are in press but this
continues to be our major interest at present. High resistivity
granular aluminum shows evidence of localization. We are currently
carefully establishing the law of dependence of normal state
resistivity on temperature and correlating this with the occurrence
of superconductivity. We have now completed the construction of a
helium three system that has enabled us so far to make measurements
to 0.31 K.

In our earlier work on granular aluminum we found a magneto-
resistance that was unexpectedly large and negative. We have been
able to rule out some existing theories as explanations of the
effect. We have begun measurements on gold grains in silicon
dioxide and plan investigating other granular metal systems in
order to check further explanations.

We are beginning to get results in our Hall effect measure-
ments on granular aluminum. In three different samples the Hall
coefficient increases with resistivity, as expected from recent

percolation theory for samples above the percolation threshold.




Electron Paramagnetic Resonance (Pifer)

We are studying the low temperature EPR of d1 electrons on

tetrahedral MO4 complexes (where M = V4+, Cr5+, Mn6+, Nb4+ or
Mos+) imbedded in a variety of insulating compounds. The EPR

allows an accurate determination of the distortion of a given

MO, complex from tetrahedral symmetry due to crystal packing

effects and yields crystal field and covalency parameters. Work
is also in progress on developing a diamond anvil system to study
the EPR of various intermetallic compounds at pressures up to

100 kbar and at liquid helium temperatures.
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NMR Measurement of the Liqguid-Vapor Critical Exponents 8

and B8,, C. E. Hayes and H. Y. Carrxr, Phys. Rev. Letters 39,
1558, (1977) .
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CROFT, Mark C. - Publications

"Anisotropic Magnetostriction of CeAl,, Near its Antiferro-
magnetic Transition", M. Croft, I. Zoric, R. D. Parks, Phys.
Rev. B18, 345 (1978).

"Thermal Expansion in the Anderson Lattice System CeAljy",
M. Croft, I. Zoric, R. D. Parks, Phys. Rev. Bl8, 5065 (1978).

; "Ground Statec Properties and Energy Parameters of the Anderson
1 Lattice System CeAl,", R. Parks, L. Kupferberg, M. Croft,
S. Shapiro, E. Gurewitz, J. De Physique Colloque C5 Supp. No. 5

40, Mai 1979.

"Valence Iﬁstability in an Anderson Lattice System: CeAlj",

M. Croft, A. Jayaraman, Sol. St. Comm. 29, 9, (1979).

"Magnetic Moment Reduction in the Anderson Lattice System,
CeAl,: Pressure Effects", M. Croft, R. P. Guertin,
L. C. Kupferkexrg and R. D. Parks, Phys. Rev. B20, 2073 (1979).

"Conductioh Electron Pcpulation and the Anderson Lattice
Problem: A Comparison of CeS and CeAl,", M. Croft, A. Jayaraman,

submitted to Sol. sSt. Comm.

"Configuration Crossover in the Ce Sc_Al, System", H. H. Levine,
R . 1-x"TxT T2
M. Croft (Manuscript in preparation).

. CROFT, Mark C. ~ Abstracts of Talks

"Magnetic Order in the Cel_xTthl2 System", M. C. Croft,
G. A. Thomas, Bull. Am. Phys. Soc., 23 No. 3, p. 233 (1978).

"Valence Instability in the Anderson Lattice System: CeAl,",
M. Croft, A. Jayaraman, P. Schmidt, Bull. Am. Phys. Soc. 24
No. 3, p. 396 (1979). -

"Magnetic-Nonmagnetic Instability'in CeAly: Alloy Studies",
_ ?iggé)Levine, M. Croft, Bull. Am. Phys. Soc. 24 No. 3, p. 396

"Pressure Induced Moment Reduction in CeAl,", M. Croft, R. Guertin,
L. Kupferberg, Bull. Am. Phys. Soc., 24 No. 3, p. 397 (1979).

"Configuration Crossover in the Ce,__Sc Al, System", H. H. Levine,
M. Croft, Bull. Am. Phys. Soc., March 13802

"Condnct%on Elcctron Population and the Anderson Lattice Problem:
2 Comparison of CeS and CeAlz", M. Croft, A. Jayaraman, Bull. Am.
Phys. Soc., March 1980. .

"Valence Instabilities Under Pressure", M. Croft, Gordon
Conference~Physics and Chemistry at High Pressures (announce-

ment Science 14 March 1980).
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‘GLABERSON., William I. - Publications

The Mobility of Yons Trapped on Vortex Lines in Purc He' and He3-nHcH
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Phase Separation in Rotating He3—-ue4 Solutions, W. I. Glaberson
and R. M. Ostermeier, in Quantum Fluids and Solids, ed. by S. B. Trickew

E. D. Adams and J. W. Duffy (Plcnum Publishing Co., New York, 1977),
p.p. 395-403.

A Sensitive Temperature Gradiometer for Use at Low Temperature,
, E. J. Yarmchuk and W. I. Glaberson, Rev. Sci. Instrum. 49,
3 460 (1978). .

1 Thermorotation Effects in Superfluid He4, E. J. Yarmchuk and
W. I. Glaberson, Journal de Physique, 39, C6-168 (1978).

Thermorotation Effects in Superfluid Helium, E. J. Yarmchuk and
W. I. Glaberson, Phys. Rev. Lett. 41, 564 (1978).

Vortex Waves in Superfluid 4He, R. A. Ashton and W. I. Glaberson,
Phys. Rev, Letters 42, 1062 (1979).

Counterflow in Rotating Superfluid Helium, E. J. Yarmchuk and
W. I. Glaberson, Jour. Low Temp. Phys. 36, 381 (1979).

Sound Propagation in He II in Grafoil, E. Y. Andrei and W. I.
Glaberson, Phys. Rev. B20, 4447 (1979).

The Dynamics of Vortex Lines in Superfluid 4He, W. I. Glaberson,
to be published.

Tkachenko Waves in Rotating Superfluid Heiium, C. D. Andereck,
J. Chalupa and W. I. Glaberson, Phys. Rev. Lett. 44, 33 (1980).

The Pinning of Superfluid Vortices to Surfaces, S. G. Hegde and
W. I. Glaberson, submitted for publication.

Temperature Dependence of the Landau Critical Velocity, E. Y. Andrei
and W. I. Glaberson, submitted for publication.

GLABERSON, William I. - Abstracts of Talks

Thermorotation Effects in Superfluid He4, E. J. Yarmchuk and

_ W. I. Glaberson, Bull. Am. Phys. Soc. 22, 638 (1977).

k . S -

Fourth Sound Velocity Shifts in a Rotating Packed Povder Annulus,
E. Andrei, W. I. Glaberson and H. Kojima, Bull. Am. Phys. Soc. 22,
638 (1977).

‘Vortex Wave Resonances in Superfluid 4He, C. D. Andereck and
W. I. Glaberson, Bull. Am. Phys. Soc. 24, 371 (19?9).

Short Wavelcength Vortex Waves in Superfluid Helium, R. A. Ashton
and W. I. Glabcrson, Bull. Am. Phys. Soc. 24, 371 (1979) .

Tkacl.enko Waves in Rotating Superfluid 4llc, C. D..Andereck and
W. I. Glaberson, Bull. Am. Phys. Soc. 25, 534 (1980).

Obseorvation of the Landau Critical Velocity, E. Y. Andrei and
W. I. Glaberson, Bull. Am. Phys. Soc. 25, 533 (1980).
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KCJIMA, Haruo - Publications

Superfluid Pensity in tlhie Presence of Persistent Currents.in
Superfluid 4He, H. Kojima, W. Veith, E. Gugon aqd I._Rudnlck,
Journal of Low ‘emperaturc Phycics, Vol. 25, 195 (1976).

' i 4 3
Thermal time constant botween powdered CHMN and supe;fluld He,
T. Chaincx and H. Kojima, in Quantua Fluids and Sollds,.ed..by
S. B. Trickey, E. D. Adans and J. W. Duffy (Plenum Publication

: Corp., New York, N. ¥. 1877).

. .o 3 | .
Fourth Sound Helmholtz Resonator in Superfluid “He, T. Chainer,
Y. Morii, H. Kojima, Journal de Physique, 32, 39 (1973).

Thermal Contact Retween Fowdered CMN and Solid 3He Below 35 nK,
Y. Morii, M. R. Giri and H. Kojima, Phys. Letters 707, 457 (19765).

Size Effects in Superfluid 3He, T. Chainer, Y. Morii and H. Xojima,
(to be published).

k ' KOJIMA, Haruo - Abstracts of Talks

Application of fourth sound to study superfluid helium 4 and
recently discovered superfluid helium 3, Acoustical Society of
America 2nnual Meeting, June 7, 1977, Penn. State, Penn.

Fourth Sound Velocity Shifts in a Rotatine Packed Powder
Annulus, ‘E. Andrei, W. I. Glaberson, and H. Kojima, Bull. Am.
Phys. Soc. 22, 638 (1977).

Pressure Dependence of Superfluid Fraction of Liquid 3He,
T. Chainer, Y. Morii and H. Kojima, Bull. Am. Phys. Soc. 24,
605 (1979). .

_ Size Effects in Superfluid 3He as Mecasured by Fourth Sound,
H. Kojima, Bull. Am. Phys. Soc. 25, 554 (1980).




"LINDUNFELD, Peter - Publicatious

Radiocactive Radiations and their Bzoloqxcal Effccts, P. Lindenfeld,
issucd the the Awcrican aAsscciation of Vhysics deachers, SUNY at

Stony lirook, N. Z. (1976).

Hopping Conduction and Superconductivity in Granular Alumninum,
W. L. McLean, P. Lindenfcld, and T. Worthington, in Electrical
Transport and Optical Propertics of Inhomogeneous Media, AIP
Conference Proceadings No. 40, cdited by J. C. Garland and

D. B. Tanner (American Institute of Physics, New York, 1978),
p. 403.

Heat Capacity Measurements of the Critical Coupling between
Aluminum Grains, 7. Worthington, P. Lindenfeld, and G. Deutscher,
Phys. Rev. Letters 4k, 316 (1978).

Granular Superconductors, P, Lindenfeld, ONR-NRL Supcrconducting
Materials Symposium, NRL Memorandum Report 3906, edited by
®. L. Francavilla, D. U. Gubser, and S. A. Wolf, Naval Rescarch

Laboratory, 1979.

Heat Capacity Measurements on Granular Aluminum, R. L. Filler,
Y. Lindenfeld, T. Worthington, and G. Dcutscher, Physical Review

(in Precss) .

Size Effects in Conductlvaty and Superconductivity, P. Lindenfeld,
The Physics Teacher, 18, 260 (1980).

The Normal-State Conduction Processes in Granular Superconductors,
W. L. McLean, T. Chui, B. Bandyopadhyay, and P. Lindenfeld, in
Inhomogencous Superconductors, AIP Conference Proceedings, (AIP
1980) . '

A Solar Calorimecter for the Measurement of Absorptivity and
Emissivity, P. Lindenfeld, J. Wallace, and G. Deutscher (submitted

for publication).

The Transition to Localization in Granular Aluminum Films,
G. Deutschexr, B. Bandyopadhyay, T. Chui, P. Lindenfeld,
W. L. HcLean, and T. Worthington, (submitted for publication).




McLEAN, William L. - Publications

Magnetic Field Dependence of the Microwave Surface Resistance of
Pure Niobium, H. R. Segal and W. L. lclean, Journ. Low Tempcrature

Phys. 22, 141 (1876).

"Measurement of the Superconducting Order-Parameter Relaxation
Time from Harmonic Generation", J. C, Amato and W. L. McLean,
Physical Review Letters 37, 930 (1978),

Hopping Conduction and Superconductivity in Granular Aluminum,
W. L. McLean, P. Lindenfeld, znd T. Worthington, Proceedings of
Conference on llectrical Transport and Optical Properties of
Inhomogeneous Media, Columbus, Chio, September, 1977; American
Institute of Physics, New York, 1977. 3

Stability of superconductivity in granular metals"”,
W. L. MclLean and M. J. Stephen, Physical Review B 19, 5925 (1979).

The Normal-State Conduction Procecsses in Granular Superconductors,
.W. L. McLean, T. chui, B. Bandycpadhyay, and P. Lindenfeld,

A.I.P. Conf. Proc. No. 58, Inhomogeneous Superconductors-1979,

Ed. D. U. Gubser, T. L. Francavilla, S§. A. Wolf, and J. R.
Leibowitz, American Institute of Physics, New York, 1980.

The Transition to Localization in Granular Aluminum Films,
G. Deutscher, B. Bandyopadhyay, T. Chui, P. Lindenfeld,
W. L. McLean, and T. Worthington, submitted for publication.

Superconductivity in Inhomogeneous Granular Metals, W. L. McLean,
accepted for publication in Phys. Rev. B.

McLEAN, William L. - Abstracts of Talks

Stability of Granular Superconductivity, W. L. McLean, T, Worthington,
and M. Gershenson, Bull. Am. Phys. Soc. 22, 404 (1977).

. Magnetoresistance of Granular Aluminum, T. Chui, B. Bandyopadhyay,
. ?i Li?denfeld, and W. L. McLean, Bull. Am. Phys. Soc. 25, 211
980) . : —

Magnetic Susceptibility of Superconducting Granular Aluminum,
?igge;shenson and W. L. McLean, Bull. Am. Phys. Soc. 25, 263
0). —
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PIFER, Joe H. - Publications

Elcctron Spin Resonance of CrO 3- in Fluoroapatite Ca5(P04)3F,

M. Greenblatt, J. H. Pifer, and E. Banks, J. Chem. Phys.
66, 559 (1977). :

Electron Spin Resonance of Cr043" in Li3PO4, Li,vOo, and Li AsOy4,
M. Greenblatt and J. H. Pifer, J. Chem. Phys. 70, 116 (1973).

Electron Spin Resonance of Cr043— in Barium Chloroapatite,
Bas (PO,) 3C%Z, K. Forster, M. Greenblatt and J. H. Pifer,
J. Solid State Chem. 30, 121 (1979).

Electron Spin Resonance of Cr043- in Strontium Chloroapatite,
Srg (PO4) 3CL, M. Greenblatt, J.-M. Kuo and J. H. Pifer,

J. Solid State Chem. 2%, 1 (1979).

Electron Resonance Study of Hydrogen-Containing wo3 Films,
J. Pifer and E. K. Sichel, J. Electr. Matl. 9, 129 (1980).

The Electronic Structure of Mn042— as Determined by ESR in
K2804, M. Greenblatt and J. H. Pifer, J. Chem. Phys. 72,

529 (1980).

Electron Spin Resonance of Crs+

in YPO4 and YV04, submitted
to J. Chem. Phys.

Magnetic Resonance Study of Mo5+ in Cal-xYxM°o4' M. Greenblatt,

P. Strobel and J. H. Pifer, submitted_to J. Chem. Phys.




